Seventy-six fish specimens were collected from 10 trawl stations in heavily polluted North Lantau waters. Whole fish were homogenized and analysed for 11 trace elements. Concentrations of some metals were high, notably mercury (up to 66 g g 1 dry weight) and lead (up to 180 g g 1 dry weight). These levels may represent a health hazard to the local population of Indo-Pacific hump-backed dolphins (Sousa chinensis) inhabiting these waters.
Introduction
The territorial waters of Hong Kong have become notorious for their high degree of anthropogenic pollution (Morton, 1979 (Morton, , 1989 (Morton, , 1990 . The extent of this pollution, particularly in respect of contamination of the marine biota by trace elements has been an important topic for investigation (e.g. Phillips and Rainbow, 1988; Chan et al., 1990; Rainbow, 1993; Chan, 1995; Parsons, 1998) . However, compared to invertebrates, few published data are available on contamination in marine fish. Phillips et al. (1982) measured trace element concentrations in a variety of seafood and reported elevated concentrations of arsenic and cadmium in fish. Chan (1995) noted high concentrations of cadmium (3.3 g g 1 dry weight; dw), copper (5.7 g g 1 dw), lead (19.1 g g 1 dw), and zinc (66.6 g g 1 dw) in muscle tissue of rabbitfish (Siganus oramin) caught from Victoria Harbour in 1983. The Hong Kong marine environment has deteriorated since then. Rainbow and Smith (1992) recorded a significant increase in biologically available trace metals in marine biota within 3 years.
Data are even more scant on trace element concentrations in the waters north of Lantau Island. These waters host several potential sources: contaminated-mud pits, the airport and associated works at Chek Lap Kok, and over 12 000 sewage outfalls (Fig. 1) . The discharge from the three largest outfalls will be an estimated 400 million litres of sewage daily by the year 2000.
This area represents the main habitat of Hong Kong's population of Indo-Pacific hump-backed dolphins Sousa chinensis (Parsons et al., 1995; Jefferson and Leatherwood, 1997) , and there is concern over the viability of this population (Parsons and Hoffman, 1996) . Since contamination in North Lantau fish could have serious implications for the health of these dolphins, we provide data on trace element concentrations in whole fish.
Materials and methods
Samples were collected with beam trawls over a period of 2 days from 10 out of 13 stations fished in North Lantau waters in April 1995 (Fig. 1 ). Specimens were identified by species and up to four representatives of selected species were taken from each site. The selection was based on general abundance in the area, their potential to be a cetacean prey item and their ecological niche, i.e. pelagic and demersal fish. Seventy-six specimens belonging to 14 species were selected for analysis.
The specimens were frozen at 20 C until further processing. The whole fish were macerated and homogenized with a small amount of double-distilled water in a Seward 80 stomacher. The homogenates were then re-frozen for 24 h before being freeze dried in a Hetosicc FD3 freeze-drier. The methodology and equipment used to determine trace element concentrations and the efficiency of the extraction technique are described fully in Parsons et al. (1999) . Dried tissue was digested in 5 ml of concentrated nitric acid at room temperature for 24 h, and at 100 C for 24 h. The digest was then filtered and made up to 50 ml with de-ionized water. Trace metal levels were determined by inductively-coupled plasma emission spectroscopy on a Perkin-Elmer 400 spectrograph with a Perkin-Elmer AS-90 automated sampler.
For further processing, samples by species from all stations were combined and means and standard deviations were calculated. Some species were grouped. An ANOVA was carried out with log transformed data.
Results
Dry weight trace metal concentrations recorded from the different species are summarized in Table 1 . There were significant differences between fish species for arsenic concentrations (ANOVA: F=3.6, p<0.001). Arsenic concentrations in demersal Arnoglossus tenius were higher than in the more pelagic species Leiognathus brevirostris (Tukey-Kramer multiple comparisons test: q=5.7; p<0.01), Johnius belengerii (q=6.7; p<0.001), and Polynema sextarius (q=5.9; p<0.01).
Inter-specific differences were also significant for chromium (ANOVA: F=2.3, p<0.05), lead (F=2.2, p<0.05), and selenium (F=2.2, p<0.05). Differences for cadmium, mercury, and molybdenum were not significant.
Discussion
Cadmium [usually <0.8 g g 1 dry weight; dry weights (dw) may be transformed to wet weights (ww) by dividing by a factor 4], lead, chromium, and nickel (usually <4 g g 1 dw) typically occur in low levels in the muscle tissue of marine fish (Thompson, 1990) . Both copper and zinc are essential elements and their concentrations are usually regulated by marine fish (0.8 and <40 g g 1 dw, respectively; Thompson, 1990) . Arsenic concentrations in fish muscle have been shown to increase with age and may reach concentrations of >400 g g 1 dw (Bohn, 1975) . These concentrations are, however, for muscle tissue and not for homogenized whole fish.
The potential toxicological impacts of contaminated food items should be evaluated on the basis of concentrations in whole prey so as not to underestimate the intake. Concentrations of trace elements can be 200-400% greater in organs and other tissues than in muscle (Chan, 1995) . Thus, one might expect higher concentrations to be recorded in homogenized whole fish samples. Indeed, concentrations observed (with the exception of cobalt) were relatively high in comparison to those documented in muscle tissues of marine fish (Thompson, 1990) . For example, mean concentrations of cadmium and lead in North Lantau fish were almost two and three times higher, respectively, than those recorded in muscle tissue of fish from Victoria Harbour (Chan, 1995) . Researchers do not typically examine the total body burden of trace elements in fish as, from a human health perspective, only concentrations in muscle tissue are of interest. Therefore, there are scant data with which to compare the results obtained. Trace element concentrations varied markedly between fish species. These variations are presumably due to individuals sampled being of different size categories, from different ecological niches, and from different trophic levels. Possibly, species also have different metabolic requirements for specific trace elements. Bottom-dwelling species had higher concentrations than more pelagic species, which may be related to greater exposure to contaminated sediments.
Arsenic in marine organisms is often present in organic form (Coulson et al., 1935) , which is generally less toxic than the inorganic form (Penrose, 1974) . Therefore, it is difficult to assess the potential toxicological impacts of the concentrations recorded here. Cadmium is toxic and elevated concentrations are a threat to marine biota. Chromium and mercury are also highly toxic. The Hong Kong limits for these elements in seafood are 1 and 0.5 g g 1 ww (approximately 4 and The high lead concentrations in fish may result from vehicular emissions of methyl lead entering the food chain. Burger and Gochfeld (1993) noted that lead concentrations in the feathers of egrets and herons from Hong Kong were amongst the highest in the world and they attributed this to leaded petrol. Whatever the source, the local concentration of this toxic element in organisms is a cause for concern.
In summary, the concentrations of trace elements recorded in whole fish from North Lantau waters were high enough to warrant concern if they were to be ingested by humans. Because the local population of dolphins depends entirely upon the consumption of contaminated seafood and their dietary intake is an order of magnitude higher than for humans, concern is even more warranted for the health of these top predators. The trace element contamination observed results undoubtedly from a high anthropogenic input into the study area. However, more work is required to understand the relative importance of the various sources and to assess fully the extent of the problem.
